Introduction 49
Chlamydia trachomatis is an obligate intracellular bacterium with a unique 50 developmental cycle, consisting of elementary (EB) and reticulate body (RB) forms. 51
Differentiation from EB to RB (or re-differentiation from RB to EB) forms occurs in 52 inclusion bodies [1] . The maturation process from EB to RB forms in infected host cells 53 has been investigated and requires actin remodeling [2-4], lipid metabolism [5] [6] [7] and 54 inflammatory responses [8] [9] [10] , although it remains to be fully understood. 55
Chlamydia are the leading cause of bacterial sexually transmitted diseases 56 worldwide, with an estimated 100 million chlamydial infections detected annually [11] . 57
Such infections are often asymptomatic in women [12] [13] [14] and can be left untreated, 58 resulting in serious outcomes with ductal obstruction, pelvic inflammatory disease, 59
tubal occlusion and extrauterine pregnancy [15] [16] [17] . The prevalence of C. trachomatis 60 following prophylactic countermeasures therefore needs to be investigated. 61
The use of natural compounds that are easily and safely ingested within a daily 62 diet is a new approach to prophylactically overcome a variety of infectious risks. For 63 example, chili peppers contain capsaicin (8-methyl-N-vanillyl-6-nonenamide), a 64 phenolic compound produced by all plants [18] , that has been well investigated [19] [20] [21] [22] . µM 5CPPSS-50, 10 µM T0070907, 2 µg/ml cycloheximide). Cells were collected in a 128 time-dependent manner for assessing IFU numbers, chlamydial 16S rDNA quantities, 129 inclusion formation, and bacterial morphological changes. In addition, using a cell 130 counting kit-8 (Dojindo), it was confirmed that these drugs, used at the working 131 concentrations, exerted minimal cytotoxic effects on the cells over the culture period. this phenomenon is not specific to the C. trachomatis strain used in this study (Fig. 1B,  202 White bar). Furthermore, qPCR data revealed that, consistent with the inclusion 203 morphology and IFU data, the amount of chlamydial 16S rDNA significantly decreased 204 following capsaicin exposure in a dose-dependent manner, indicating that no persistent 205 infection occurred (Fig. 1C) . These data suggested that capsaicin exposure suppressed C. 206 trachomatis infection in HeLa cells as well as C. pneumoniae infection. 207
To confirm this, morphological changes in C trachomatis in the presence of 208 capsaicin were assessed by confocal laser microscopy and TEM. Consistent with the 209 results of conventional microscopy, confocal laser microscopic observations showed 210 that chlamydial inclusion size diminished in a dose-dependent manner and no typical 211 inclusion bodies were seen particularly after high-dose exposure of capsaicin (100 212 µg/ml) (Fig. 2) . TEM observations also revealed that, compared with the control (Fig.  213   3A) , the number of bacteria in inclusions formed in the infected cells was limited in the 214 presence of capsaicin and few re-differentiated EB in inclusions were seen (Fig. 3B) ;EB (relatively small size and high density) and RB (large size and pale density) were 216 observed with distinct morphological traits. Furthermore, detached bacterial cell walls 217 (Fig. 3C ) and disrupted bacteria in inclusion bodies (Fig. 3D) was minimal at a working concentration of capsaicin after 48 h incubation, although a 231 slight increase was seen at a higher working concentration (125 µg/ml) (Fig. 4A) . Thus, 232
at the usual working concentration of capsaicin, cell death was minimal. To confirm this, 233
we determined the minimal concentration of capsaicin inducing apoptosis of HeLa cells 234 using a more sensitive western blot-based approach to detect PARP cleavage, a critical 235 step in the induction of apoptosis [31] . No PARP cleavage was detected in the presence 236 of less than 100 µg/ml capsaicin, which was the working concentration used in this 237 study (Fig. 4B) . In addition, MitoTracker staining revealed that following exposure to 238 capsaicin (100 µg/ml) mitochondrial membrane integrity was maintained, supporting and the anti-inflammatory effects induced by capsaicin exposure were involved in 252 chlamydial growth inhibition. None of the drugs were able to completely restore 253 chlamydial growth following capsaicin exposure, although a slight improvement in 254 growth was detected (Fig. 5) . In addition, we confirmed TRPV1 expression on the HeLa 255 cells used in this study by western blotting with TRPV1 rabbit polyclonal antibody 256 (Online Resource 2). Since none of the drugs had an effect on chlamydial inhibition in 257 the presence of capsaicin, capsaicin may inhibit chlamydial growth, presumably with 258 minimal requirement for host responses. To confirm this, we examined whether 259 chlamydial growth inhibition induced by capsaicin exposure could be recovered by 260 stimulation with cycloheximide (2 µg/ml), a eukaryote-specific protein synthesis 261 inhibitor. As expected, regardless of the presence of the drug, capsaicin exposuresimilarly inhibited chlamydial growth (Fig. 6) . 263 Taken Thus, although at present the mechanism by which bacterial growth is inhibited in the 326 presence of capsaicin remains unknown, we concluded that the influence of host 327 responses stimulated by capsaicin on growth inhibition was minimal. In addition, the 328 presence of the inhibitors along with capsaicin boosted chlamydial growth inhibition, 329 although at present the reason for this remains to be clarified. Because no effect was 330 seen with either inhibitor alone (data not shown), these inhibitors may help capsaicin to 331 access to the bacteria by crossing the membrane. 332
It is well recognized that capsaicin, responsible for the "hot" taste of chili 333 peppers and chili pepper extracts, is a valuable pharmacological agent with therapeuticapplications in controlling pain and inflammation [18] [19] [20] [21] [22] 
